Study on the Preparation of Stir Bars for Sorptive Extraction Based on Molecularly Imprinted Polymers and Its Extraction Performance by 林福华
 
 
学校编码：10384                                                  密级        





硕  士  学  位  论  文 





Study on the Preparation of Stir Bars for Sorptive Extraction 




林 福 华 
 
 
指导教师姓名：黄晓佳  教  授 
专 业 名 称：环  境  科  学 
论文提交日期：2012 年  6  月 
论文答辩时间：2012 年  6  月 
  
 


































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的资助，

















































（     ）1.经厦门大学保密委员会审查核定的保密学位论文，
于  年  月  日解密，解密后适用上述授权。 







                             声明人（签名）： 




























摘要 ............................................................................................................. I 
Abstract ................................................................................................... III 
第 1 章 绪论 .............................................................................................. 1 
1.1 SBSE 技术 ........................................................................................................ 2 
1.1.1 SBSE 简介 .............................................................................................. 2 
1.1.2 SBSE 原理 .............................................................................................. 3 
1.1.3 SBSE 的萃取和解吸方法 ...................................................................... 4 
1.2 SBSE 的涂层材料 ............................................................................................ 5 
1.3 整体材料 ......................................................................................................... 9 
1.4 分子印迹技术 ................................................................................................. 9 
1.4.1 分子印迹技术的概念及基本原理 ........................................................ 9 
1.4.2 MIPs 的制备方法 ................................................................................ 10 
1.4.3 MIT 的应用 ......................................................................................... 11 
1.5 研究目的和研究内容 ................................................................................... 13 
参考文献 .............................................................................................................. 15 
第 2 章 双酚 A 分子印迹聚合物为涂层 SBSE 的制备及其萃取性能 ... 
 ................................................................................................................... 21 
2.1 引言 ............................................................................................................... 21 
2.2 实验部分 ....................................................................................................... 22 
2.2.1 仪器与试剂 .......................................................................................... 22 
2.2.2 标准溶液的配制 .................................................................................. 22 
2.2.3 色谱条件 .............................................................................................. 23 
2.2.4 BPA-MIP-SBSE 的制备 ...................................................................... 23 
2.2.5 萃取和解吸的方法 .............................................................................. 25 
2.3 结果与讨论 ................................................................................................... 26 















2.3.2 涂层材料的结构表征 .......................................................................... 27 
2.3.3 萃取条件优化 ...................................................................................... 29 
2.3.4 标准工作曲线和检测限 ...................................................................... 35 
2.3.5 实际水样的测定 .................................................................................. 37 
2.4 BPA-MIP-SCSE ............................................................................................ 38 
2.4.1 BPA-MIP-SCSE 的制备 ..................................................................... 38 
2.4.2 萃取和解吸的方法 .............................................................................. 39 
2.4.3 使用寿命考察 ...................................................................................... 39 
2.4.4 实际水样的测定 .................................................................................. 40 
2.5 本章小结 ....................................................................................................... 42 
参考文献 .............................................................................................................. 42 
第 3 章 己烯雌酚分子印迹聚合物为涂层 SBSE 的制备及其萃取性能
 ................................................................................................................... 45 
3.1 引言 ............................................................................................................... 45 
3.2 实验部分 ....................................................................................................... 46 
3.2.1 仪器与试剂 .......................................................................................... 46 
3.2.2 标准溶液的配制 .................................................................................. 46 
3.2.3 色谱条件 .............................................................................................. 46 
3.2.4 DES-MIP-SBSE 的制备 ..................................................................... 47 
3.2.5 萃取和解吸的方法 .............................................................................. 48 
3.3 结果与讨论 ................................................................................................... 48 
3.3.1 DES-MIP-SBSE 的制备 ..................................................................... 48 
3.3.2 涂层材料的结构表征 .......................................................................... 49 
3.3.3 萃取条件优化 ...................................................................................... 50 
3.3.4 萃取选择性能评价 .............................................................................. 55 
3.3.5 最大富集量 .......................................................................................... 56 
3.3.6 标准工作曲线和检测限 ...................................................................... 57 
3.3.7 实际水样的测定 .................................................................................. 58 















参考文献 .............................................................................................................. 61 
第 4 章 o-硝基苯酚分子印迹聚合物为涂层 SBSE 的制备及其萃取性
能 ............................................................................................................... 64 
4.1 引言 ............................................................................................................... 64 
4.2 实验部分 ....................................................................................................... 65 
4.2.1 仪器与试剂 .......................................................................................... 65 
4.2.2 标准溶液的配制 .................................................................................. 65 
4.2.3 色谱条件 .............................................................................................. 65 
4.2.4 o-NP-MIP-SBSE 的制备 ..................................................................... 66 
4.2.5 萃取和解吸的方法 .............................................................................. 67 
4.3 结果与讨论 ................................................................................................... 68 
4.3.1 o-NP-MIP-SBSE 的制备 ..................................................................... 68 
4.3.2 萃取条件优化 ...................................................................................... 69 
4.3.3 萃取选择性能评价 .............................................................................. 73 
4.3.4 最大富集量 .......................................................................................... 74 
4.3.5 标准工作曲线和检测限 ...................................................................... 75 
4.3.6 实际水样的测定 .................................................................................. 76 
4.4 本章总结 ....................................................................................................... 78 
参考文献 .............................................................................................................. 79 
第 5 章 结语与展望 ................................................................................ 81 
5.1 本研究取得的成果 ....................................................................................... 81 
5.2 研究展望 ....................................................................................................... 82 
攻读硕士学位期间已发表的论文与申请的专利 .................................. 84 





























Abstact (In Chinese) ................................................................................. I 
Abstact (In English) ............................................................................... III 
Chapter 1 ................................................................................................... 1 
1.1 SBSE ................................................................................................................. 2 
1.1.1 Introduction of SBSE ............................................................................ 2 
1.1.2 Theory of SBSE ..................................................................................... 3 
1.1.3 Extraction and desorption modes of SBSE ......................................... 4 
1.2 Coatings of SBSE ............................................................................................ 5 
1.3 Monolithic material ........................................................................................ 9 
1.4 Molecular imprinting technique (MIT) ........................................................ 9 
1.4.1 Introduction of MIT ............................................................................. 9 
1.4.2 Preparation methods of MIPs ............................................................ 10 
1.4.3 Applications of MIT ............................................................................ 11 
1.5 Obejectives and contents of this reseach ..................................................... 13 
References of chaper 1 ........................................................................................ 15 
Chapter2 Study on the preparation of BPA-MIP-SBSE and its 
extraction performance .......................................................................... 21 
2.1 Introduction ................................................................................................... 21 
2.2 Experimentation ............................................................................................ 22 
2.2.1 Instruments and reagents ................................................................... 22 
2.2.2 Preparation of aqueous standards ..................................................... 22 
2.2.3 Chromatographic conditions ............................................................. 23 
2.2.4 Preparation of BPA-MIP-SBSE ......................................................... 23 
2.2.5 Extraction and desorption mode ....................................................... 25 
2.3 Results and discussions ................................................................................. 26 
2.3.1 Optimization of preparation conditions ............................................ 26 















2.3.3 Optimization of operating conditions................................................ 29 
2.3.4 Validation of the method .................................................................... 35 
2.3.5 Analysis of environmental water samples ......................................... 37 
2.4 BPA-MIP-SCSE ............................................................................................ 38 
2.4.1 Optimization of preparation conditions ............................................ 38 
2.4.2 Extraction and desorption mode ....................................................... 39 
2.4.3 Working life ......................................................................................... 39 
2.4.4 Analysis of environmental water samples ......................................... 40 
2.5 Summary of Chapter 2 ................................................................................. 42 
References of Chapter 2 ..................................................................................... 42 
Chapter3 Study on the preparation of DES-MIP-SBSE and its 
extraction performance .......................................................................... 45 
3.1 Introduction ................................................................................................... 45 
3.2 Experimentation ............................................................................................ 46 
3.2.1 Instruments and reagents ................................................................... 46 
3.2.2 Preparation of aqueous standards ..................................................... 46 
3.2.3 Chromatographic conditions ............................................................. 46 
3.2.4 Preparation of DES-MIP-SBSE ......................................................... 47 
3.2.5 Extraction and desorption mode ....................................................... 48 
3.3 Results and discussions ................................................................................. 48 
3.3.1 Optimization of preparation conditions ............................................ 48 
3.3.2 Characterization of DES-MIP-SBSE ................................................ 49 
3.3.3 Optimization of operating conditions................................................ 50 
3.3.4 The valuation of selectivity ................................................................. 55 
3.3.5 The ability of enrichment ................................................................... 56 
3.3.6 Validation of the method .................................................................... 57 
3.3.7 Analysis of environmental water samples ......................................... 58 
3.4 Summary of Chapter 3 ................................................................................. 60 















Chapter 4 Study on the preparation of o-NP-MIP-SBSE and its 
extraction performance .......................................................................... 64 
4.1 Introduction ................................................................................................... 64 
4.2 Experimentation ............................................................................................ 65 
4.2.1 Instruments and reagents ................................................................... 65 
4.2.2 Preparation of aqueous standards ..................................................... 65 
4.2.3 Chromatographic conditions ............................................................. 65 
4.2.4 Preparation of o-NP-MIP-SBSE ........................................................ 66 
4.2.5 Extraction and desorption mode ....................................................... 67 
4.3 Results and discussions ................................................................................. 68 
4.3.1 Optimization of preparation conditions ............................................ 68 
4.3.2 Optimization of operating conditions................................................ 69 
4.3.3 The valuation of selectivity ................................................................. 73 
4.3.4 The ability of enrichment ................................................................... 74 
4.3.5 Validation of the method .................................................................... 75 
4.3.6 Analysis of environmental water samples ......................................... 76 
4.4 Summary of Chapter 4 ................................................................................. 78 
References of Chapter 4 ..................................................................................... 79 
Chapter 5 Conclusions and perspectives .............................................. 81 
5.1 Research results ............................................................................................. 81 
5.2 The review ...................................................................................................... 82 
Published articles and applied patents ................................................. 84 



































搅拌棒固相萃取（stir bar sorptive extraction，SBSE）是在固相微萃取（solid 








本课题将 SBSE 与分子印迹技术（molecularly imprinted technique，MIT）相








选择因子（相同实验条件下，MIPs 与 NIPs 富集能力的比值）为 1.35，在 1.0 
μg/L~200.0 μg/L 范围内线性良好，检测限（S/N=3）和定量限（S/N=10）分别为
0.28 μg/L 和 0.94 μg/L。实际水样分析中，BPA 的不同浓度加标回收率在
96.0%~108.7%之间。 
在 BPA-MIP-SBSE/HPLC-DAD 分析方法的基础上，将 BPA-MIPs 与一次性
注射器空管加工成的萃取器相结合，发展出 BPA 分子印迹搅拌饼固相萃取
























1.45 和 1.48，线性范围分别为 3.0 μg/L~200 μg/L，1.0 μg/L~200 μg/L 和 5.0 
μg/L~200 μg/L 之间，检测限（S/N=3）在 0.24 μg/L~0.80 μg/L 之间，定量限
（S/N=10）在 0.79 μg/L~2.67 μg/L 之间。实际水样分析中，不同浓度的加标回收








1.78、1.37、1.95、1.76 和 1.50。所建立的方法的线性范围在 3.0 μg/L~200 μg/L
之间，检测限（S/N=3）在 0.13 μg/L~0.46 μg/L 之间，定量限（S/N=10）在 0.40 
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